processes in time and place, to treponeme mutation through the ages, and to the adaptation oftreponemes to environmental conditions. Hackett (1963) suggested that the primitive human treponematosis was in fact Pinta which arose from animal infection about 15,000 B.C. in the Afro-Asian land mass, spread all over the world, and later became isolated in the Americas. Yaws arose by mutation and spread in the tropical world apart from the Americas. Endemic non-venereal syphilis arose about 7000 B.C. in arid climates, and venereal syphilis evolved from it with the development of cities in S.W. Asia around 3000 B.C., and spread as a "mild" disease. A mutant arose towards the end of the 15th century and resulted in the venereal syphilis of the present day. Hackett thinks that venereal syphilis was subsequently carried to the treponemally non-involved regions of the world with the European expansion of the 16th and subsequent centuries. This view of the treponematoses has received renewed interest with the recent findings by Fribourg-Blanc, Niel, and Mollaret, 1966; Fribourg-Blanc, 1967a ) of commensal treponemes in the lymph glands of FTA-and TPI-reactive, but otherwise symptomless, monkeys in some parts of Africa. Lymph gland material from these monkeys (species) has given rise to yaws-like lesions by passage in hamsters (FribourgBlanc, 1967b) , although little information is yet available on the nature and extent of this extrahuman reservoir.
The prevalence of the treponematoses has undoubtedly shown periodic changes -pidemiological processes superimposed on general long-term trends. Changes in the ecological balance may have given rise to periodic recurrences or cycles lasting several years. On the other hand transient variations may have occurred, such as are associated with seasonal climatic changes in tropical yaws, intensifying direct contact and transmission of contagion among children during the rainy seasons which lead 227 BRITISH,JOURNAL OF VENEREAL DISEASES to indoor crowding. In venereal syphilis transmission relates to direct mucous membrane contact and fundamental human behaviour as well as to facilitating or restraining forces in the environment, which have come to be of broad educational, economic, and social nature.
In the first part (Part I) of our present study of ecological aspects and international trends in the treponematoses, we propose to assess variations in the incidence of venereal syphilis in relation to medical and public health developments, economic, social, and behavioural changes, and the roles of migration and tourism as well as of population control in the epidemiology of this adult treponemal disease.
In the subsequent part of this study (Part II) , the trends in the endemic treponematoses of childhood (yaws, pinta, and endemic non-venereal syphilis) in relation to mass campaigns, the rapid fall of their clinical prevalence under the impact of communitywide application of long-acting penicillin and the results of random evaluations of these campaigns are analysed in the light of the contemporary interest in the "epidemiology of disappearing disease".
Trends in Venereal Syphilis
Information on the frequency of venereal disease in the armed forces is often available before similar information concerning civilian populations. Also frequency in the military tends to reflect the civilian reservoir. Data in the United Kingdom show that the rejection rate because of clinical syphilis of candidates offering for enlistment in the armed forces fell from 160 per 10,000 in 1870 to less than 16 per 10,000 in 1910 (Royal Commission, 1916 . In the current Vietnam conflict the rate is 280 per 1,000 (Navy Times, 1967) .
In the civilian population, parallel trends can be discerned in the late 19th and the early 20th centuries. Thus, the incidence of acquired syphilis from 1880 to 1965 in the capitals of the Nordic countries (Fig. 2, opposite) reflects the outbreak of wars in periodic recrudescences of disease in the civilian populations, whether the countries were neutral (as in the first world war) or enemyoccupied (as were Norway and Denmark in the second world war). Other peaks are probably associated with overseas wars, e.g. the RussoTurkish war in the 1880s and the Russo-Japanese war at the turn of the century, in which Scandinavian shipping was deeply involved and importation of disease to the home country was frequent. The general recession of disease over a long period of time is nevertheless evident. This fall in morbidity was reflected also in the decline of deaths from syphilitic complications. Thus the crude death rate from syphilis at all ages in England and Wales, which was 89 per million in 1875, had fallen by 1910 to less than half, and in 1960 was only 11 per million. The death rate due to congenital syphilis also followed a similar long-term pattern of recession (Table I,  opposite) .
Late and late latent syphilis reflects the prevalence of untreated early infectious syphilis 5 to 20 years earlier (Durel, 1959) The fall has levelled off since 1960 and congenital syphilis is still not infrequent in some countries (absolute case numbers and incidence rates are given below in Annex 2, pp. 242). That a certain proportion of pregnant women continue to have evidence of past or present syphilis is also suggested by the sero-reactor rates even in countries with highly developed health services (Table IV, (League of Nations, 1935) . They undoubtedly contributed to hasten an already evident general downward trend in the next decennium. The introduction of penicillin in syphilis therapy was certainly a major cause of sharp decline in infectious syphilis after the second world war (Malgras, 1967) . But this development could not prevent the recurrence which has taken place since 1956-7, although there is no evidence that the treponemicidal power of penicillin per se has decreased (Collart, Borel, and Durel, 1962; Yobs, Olansky, Rockwell, and Clark, 1965) .
(b) Finger (see Haustein, 1927a) suggested in 1920 that, following "mass-infection" of syphilis, acquired immunity would again be "lost" in the next generation, and that this change in the volume of susceptibles played a major role in cyclic variations of the disease. This basic consideration-also observed in many other infections-is in accord with subsequent evidence that immunity towards reinfection generally develops in untreated syphilis (Chesney, 1927) . It is also in accord with subsequent evidence that metal therapy applied in courses of subcurative treatment doses over a prolonged period did not substantially obstruct development of such protective immunity (Eagle, Magnuson, and Fleischman, 1947) . In contrast to this, adequate treatment of early syphilis with treponemicidal antibiotics will obviate a prolonged stimulus of the immunity mechanism, preventing long-term resistance to re-infection (Thomas, 1949) . In fact, in population groups with high exposure rates, reinfections after penicillin treatment have emerged as an epidemiological problem ("repeaters"). Ministry of Health (1955 Health ( , 1960 Health ( , 1965 Vogt and Grelland (1953) 1948-63 176,702 Batunin and Berlin (1963) BRITISH JO URNAL OF VENEREAL DISEASES (c) It has been suggested that the wide use and abuse of penicillin for medical conditions other than syphilis during the first 15 to 20 years of the penicillin era may have had a general "happenstance" preventive effect on incubating syphilis in exposed persons among the population at large Danehower and Schamberg, 1963) . This may have contributed to the observed sharp decline in early syphilis from 1948-50 to 1956-7. Conversely, the diminishing of this preventive effect may have been one of the causes of the recrudescence of syphilis. It has been shown that the penicillin doses resulting in such happenstance effect would suffice to abort most cases during the incubation period (Magnuson, Eagle, and Fleischman, 1948) . Although the absolute production of penicillin has increased since 1955 in the U.S.A. (Table V) and there has been a relatively much greater increase in the production and use of non-treponemicidal broad-spectrum antibiotics since 1960 in Great Britain, it is also probable that the use of penicillin has become more selective since 1956-7. (Royal Commission, 1916) . Similar measures followed in many European and some overseas countries, including the United States. The International Union against the Venereal Diseases and the Treponematoses (IUVDT) was instrumental in obtaining the introduction of such measures. Apparently, public health activities affected the frequency of venereal disease in many countries at about the same time, regardless of the differences of methods used (Willcox, 1964) . Subsequently, the high venereal disease incidence during and immediately after the second world war led to some further strengthening of public health control measures and their modernization, e.g. the Rapid Treatment Centre programme in the U.S.A.
The impressive early therapeutic achievements of penicillin apparently lured health administrations as well as the public into indifference to control measures, although venereal diseases were obviously not "dying diseases" (King, 1958) . It is only recently that some re-orientation in the public health aspects of syphilis control has become discernible in some few countries, where the rise in early syphilis has reactivated health administrations. It is reasonable to suggest that, for example, the marked fall in 1965 in France-which continued also in 1966-and the levelling off in the U.S.A. are initial results of intensified control programmes (Vernier, 1965; USPHS, 1963) .
(e) In many countries the ambulatory treatment of syphilis with penicillin has been taken over to a great extent by private practitioners (Curtis, 1963; Degos and Delzant, 1963) , who cannot easily manage modem complicated and time-consuming control activities. In the opinion of many authorities, the failure of epidemiological co-operation between private doctors and public health authorities has become an important element in the upsurge of syphilis since the mid-fifties in some countries.
Economic, Social, and Behavioural Changes (a) We have already indicated the association between war and the periodic recurrence of early syphilis. Casual links between periods of expanding economy and the spread of syphilis have also been pointed out, particularly by Haustein (1927b) in the 1920s and by Gjessing (1956) in more recent years. There is no contradiction between these aspects, since a war economy is usually of an inflationary nature leading to temporary economic affluence and lavish spending. On the other hand, the global rise in the incidence of early syphilis since 1956-7 started in peace-time, and the post-war cycle of fall-and rise-has covered an almost unbroken period of economic expansion. It is logical-and notablethat during the first part of the post-war period individual and collective investments of money in most parts of the world were used for resettlement, reconstruction, and rehabilitation. But in recent years funds have increasingly been used for "consumer" goods, combined to an amazing extent with travel, tourism, and entertainment, all of importance in the epidemiology of syphilis. Obviously, in addition to the economic forces, other factors also influence the treponeme-host balance in man.
(b) Changing ethical, moral, and behavioural codes in the post-war years have been associated with increased sexual activity (Time, 1964; B.M.A., 1964) . But we must remember that so-called morality has undergone great variations also in the past. To-day, however, because of rapid social, economic, and technical progress, such changes infiltrate society almost explosively. In this context several aspects must be considered:
(i) Changing Patterns of Prostitution Hecht (1927) in 1922 considered that prostitution stemmed to a great extent from poverty and lack of daily needs. Licensed or supervised prostitution was legal, often confined to brothels, with clandestine prostitution often reported to have exceeded legal prostitution. In Western Europe and North America before the second world war prostitution was thus regarded as the main single source of syphilitic infection in males.
Following the improvements of socio-economic conditions, industrialization, female emancipation, expanding civil rights, etc., the general pattern of prostitution has changed in developed countries. Traffic in women and children, legalized controlled prostitution, etc., have in principle been abolished by international action (United Nations), and legalized prostitution and brothels have since almost ceased to be reported as a major source of venereal infection (Willcox, 1956) . During the post-war reconstruction period, prostitution continued to be optimistically viewed as of minor epidemiological importance. There is, however, evidence that the problem has reappeared in a modified form along with economic affluence. Women in developed countries are rarely driven to the sale of sex to obtain the basic necessities of life-as was previously often the case. They are rather driven by the urge to obtain the extra luxuries and consumer goods held out as essential by a sex-conscious advertising industry, articles which are often beyond their normal social and economic possibilities (French, 1955) . Furthermore, mental deviations, hereditary factors, ethnic and group minority traits, inadequate family, social, and educational background, alcohol and drug addiction (Ducrey, 1960; Mayer, 1962;  Brandao, da Cruz Sobral, and da Fonseca, 1965) cause maladjustment to society and failure to overcome the complexities of modern life, and lead to promiscuous behaviour patterns. Some data on syphilis and prostitution from six countries are shown in Table  VI (overleaf). There is a trend towards an increase of prostitutes in the new sense as sources of infection, while "bread-and-butter" prostitution remains in developing countries. An extreme contrast is offered by the remarkable pilot project in several cities in West Germany to organize "Eros Centres" with complete vanity and sexual services by registered unmarried females, based on a ruling of the West German High Court that immoral earnings should be considered as a basis for fiscal taxation (Terry, 1967) .
(ii) Homosexual Males
In the mid-twenties homosexual practices were considered subordinate as a source of syphilis infection (Hecht, 1927) , but attention has recently been called to the increasing role of male homosexuals in the epidemiology of venereal diseases. Table VII (overleaf) summarizes information from several countries. Homosexual contacts were reported to range from about 10 to more than 90 per cent. in selected studies. The problem is particularly one of big cities, where young male homosexual prostitutes congregate (Hooker, 1962; Tarr, 1962) . They frequently have heterosexual contacts also (Eck, 1966 ) which adds to their importance in the spread of infection.
(iii) Young People
In the U.S.A. the agespecific rate per 10,000 population of cases of primary and secondary syphilis in young people increased from 10 1 in 1956 to 24-2 in 1965 compared with a rate of 11 -6 for all age groups (American Social Health Assocation, 1967) . A similar trend has been reported by the Canadian Department ofNational Health and Welfare (Canada, 1965) , West Germany (1965), the Netherlands (1965), Italy (Coffari, 1965) , and Scandinavia (Danbolt, 1966; Ekstrom, 1964;  Hellerstrom, Ruhnek-Forsbeck, Hederstedt, and Palme, 1964). It is not possible from the limited data to appraise any long-term trends in syphilis, but comparable data are available for Sweden for the years 1925, 1939, and 1964 (Sweden, 1964) ; the incidence was about the same in 1925 and in 1939, but almost trebled in 1964. In Sweden, Finland, and France in 1964-5 the incidence of syphilis was higher in females than in males in the teenage group-as was the case in Sweden in 1925. These findings are similar to those given by Haustein (1927b) in his statistical review of syphilis in the (British Cooperative Clinical Group, 1960 Willcox, 1963) . In West Germany and Switzerland there are extensive foreign labour forces (respectively 1I2 and 0 7 millions) who have been found not to contribute much to the importation and spread of disease in the host countries (Lundt, 1963; Switzerland, 1966) . Thus the sero-reactivity rates 1957-63 in the West German imported labour force was 0 * 22 per cent. compared to 0 * 20 per cent.
in the home population, and in Switzerland in 1963 0 * 09 per cent. as against 0 03-0 *04 per cent. among blood donors in the general population. In France, however, the rate among foreign labourers increased from 1 4 per cent. in 1958 to 2 9 per cent. in 1964, owing to an influx of labour from North African countries (Vernier, 1965 (Degos, 1960 (Revelle, 1966 
Fluker (1966) (Schofield, 1965) . The same applied to Danish seafarers in Copenhagen (Hartmann, 1956) . In an English seaport 60 per cent. of seafarers treated had become infected abroad, eleven different countries being named (Schofield, 1965 and West Germany (Memmesheimer, 1964) illustrate the spread of venereal infections at exhibitions and fairs. The epidemiological effect of tourism as a whole is also documented in case/contact histories obtained from several countries (Table XII) .
Population Control
Millions of women are now using anticonceptional devices and pills. Behavioural research has shown that their use increases sexual activity and multiplies sexual contacts (Juhlin, 1967) 
